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Aim and Objectives 
Aim: To investigate plasma wave in stacked 

Josephson Junction (JJ) by using  computer 

simulation. 

 

 

Objectives:  
To understand the difference in phase dynamics 
between the single JJ and CCJJ. 
  
 
 



Superconductivity 

• Observation of phenomenon of superconductivity 

• Two basic properties: 
o No resistance to the passage of electrical current 

o Sufficiently weak, external magnetic field will not penetrate  

 

T TC 

INTRODUCTION 

W. Buckel and R. Kleiner, Superconductivity: fundamentals 

and applications. (Wisely-VCH, Verlag GmbH &Co. Kga A, 

2004) 

 



 

  

• Josephson Effect was predicted by Brian D Josephson in 1962 

 

• Theoretically, Josephson considered SIS (superconductor-

insulator-superconductor) junctions. 

 

• Discovered probability of Cooper pair tunnelling 

 

• Macroscopic wave function describes ensemble of 

superconducting electrons that is tunnelling  through the 

barrier. 

 

Brief Background 



Current in  junction (J) is then equal to: 

Electrical current flows between two SC 

materials - even when they are separated 

by a non-SC or insulator.  Electrons 

"tunnel" through this non-SC region, and 

SC current flows.     

Josephson Junction 



Model RCSJ 

CeIR C2

1

 t ---> t / ωc                    &        ωc = 2  IcR/ 0 

 

 V= v / (IcR )           &     I = i/Ic    

      

 ΩJ = ωJ/ωc                     &        ωJ = 2e v/ ħ  

 

 &        ΩJ = V 

 

Yu. M. Shukrinov and M.A Gaafar 

Phys. Rev. B 84, 094514(2011). 

Resistive and Capacitive Shunted Junction 



Methodology 

 Numerical simulation using C++ software  

 Understand physics behind Josephson Junction 

 Simulate time averaging from Tmin to Tmax of the V(t) to calculate one point of 

I(V) curve 

 

 

 Data of the simulation was generated and different plots were made 

to study the behavior of the system in different conditions: 

 Plasma wave was detected that shows charging within the superconducting  

layers 

 

 

 



RCSJ (SHORT JJ) 
Results and Discussion 

Underdamped: β<1 Overdamped: β>1 



RCSJ (SHORT JJ) 

V 



Effect of External Radiation 

Shapiro steps  



CCJJ+DC 
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Capacitive Coupled Josephson Junction  with Diffusion Current 

CeIR C2

1

α= Coupling parameter 

dNe 02 2

0

d= distance between the layers, N(0)=density of the states 



CCJJ+DC 

V=12.753, I = 0.545, N=5 

V=ωJN ; ωJ=2.55 

ωLPW=ωJ/2 = 1.28 

V=23.4679, N=9, I=0.555 

ωLPW=ωJ/2 = 2.61 

Breaking 

Point(BP)region 



  CCJJ+DC MODEL 
Capacitive Coupled Josephson Junction  with Diffusion Current 

 N=9 



The SQUID may  be configured as a magnetometer to detect incredibly small 

magnetic fields  - small enough to measure the magnetic fields in living 

organisms.   

Threshold for SQUID:   10-14 T 

Magnetic field of heart: 10-10 T 

Magnetic field of brain: 10-13 T 

•         Many uses in everyday life  

•Scanning SQUID microscopy  

(measurements of weak magnetic field ) 

• Geophysical applications of SQUID 

  (oil prospecting, earthquake prediction, geothermal energy surveying) 

• Higher Temperature SQUIDs 

  (nondestructive testing of materials...) 

   JJ’s importance in  

Superconducting Quantum Interference Devices 



Uses of SC magnets 
Maglev train 

Can improve human relationship 

with electricity 



 

• This study revealed certain specific effects in the coupled 
Josephson Junctions that weren’t so for single JJ.  

• Propagation of longitudinal plasma waves in the breaking 
point region that causes charge time oscillation. 

 

Conclusion 



 

• Yu. M. Shukrinov and M.A Gaafar Phys. Rev. B 84, 
094514(2011). 

• W. Buckel and R. Kleiner, Superconductivity: fundamentals 
and applications. (Wisely-VCH, Verlag GmbH &Co. Kga A, 
2004) 
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